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Total Anomalous Pulmonary Venous Drainage. Surgical Therapy
for the Infradiaphragmatic and Mixed Anatomical Types

Fernando Antibas Atik, Patricia Egusquiza Irun, Miguel Barbero-Marcial, Edmar Atik

Sao Paulo, SP - Brazil

Objective - To study the in-hospital evolution of pa-
tientswith theinfradiaphragmatic and mixed typesof total
anomalous pulmonary venous drainage (TAPVD), who
underwent surgical therapy.

Methods- Of the 65 patients diagnosed with isolated
TAPVD and operated on from December 1993 to March
2002, 7 (10.8%) patientswiththemixed andinfradiaphrag-
matic formswereretrospectively selected. Their agesran-
gedfrom5 daysto 19 months (mean of 7 months), 5(71.4%)
were males, and their clinical diagnosiswas established
with 2-dimensional echocardiography. Four (57.1%) pa-
tientshad themixed form, whichwasintrinsic obstructivein
1 patient, with mild stenosisof theleft inferior vein. There-
mai ning 3 (42.9%) patientshad the obstructiveinfradiaph-
ragmatic form, extrinsic at the level of the diaphragm. All
surgerieswer e performed through median sternotomy with
hypothermic extracorporeal circulation, andtotal circula-
tory arrest wasrequiredin 2 patients.

Results- In-hospital death occurredin 1 patient with
infradiaphragmatic TAPVD with connection of theinferior
vertical veinwiththeportal vein. The causeof deathwasre-
latedto multisystemorganfailure. In4(57.1%) patients, the
postoper ative period was characterized by the presence of
low cardiac output and pulmonary hypertension.

Conclusion - Theresult of the surgical correction of
thisanomaly isassociated with acceptable morbidity and
mortality, depending on early referral and surgery, wi-
thout progression of the pulmonary vascular hypertension
findings.
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Total anomalous pulmonary venousdrainageisarare
congenital anomaly, corresponding to approximately 2% of
all congenital heart defects?. Thegreat variability of anato-
mical formsresultsindifferent clinical presentations, which
range from stabl e settings with balanced pulmonary and
systemic flowswithmild arterial insaturationtoincreased
pulmonary flow settingswith exuberant pulmonary edema.

Morbidity and mortality related to the surgical treat-
ment of total anomal ous pulmonary venousdrainage have
beendrastically minimizedinthelast decade, and severd in-
ternational centershave obtained excellent results®” (tab. |
and I1). Theseresultsare from the earlier diagnosis of the
anomaly, essentially dueto theadvancesin echocardiogra-
phy 8, with feasibleoptimization and stabilization of preope-
rativeclinical conditions®. Inaddition, other relevant factors
include advancementsin anestheti c techniques, extracor-
poredl circulation, myocardial protection of surgical techni-
gues, and postoperative management focused on the un-
derstanding of the pathophysiology of the anomaly. Early
surgical treatment during the neonatal period provedto be
essential, because, in the natural history of the defect, a
mortality of 50%isfoundinthefirst 3monthsof life®.

Total anomal ouspulmonary venousdrainagemay ha-
vedifferent anatomic variants, thesupracardiac and cardiac
being themost frequent. Theinfradiaphragmatic and mixed
variants correspond to 25% and 5% of the cases, respecti-
vely. Thelatter 2formsare characterized by their high asso-
ciationwith venousobstruction and ahigher morbidity and
mortality according to some authors®,

Despiteall the progresscited, an elevated mortality of
that anomaly persistsin devel oping countries'?, because
thediagnosisandthereferral of patientstotertiary centers
isdelayed, occurringin aphasewith varied degreesof pul-
monary hypertension, many timesassociated withinfection
andmalnutrition®,

Thisstudy aimed at analyzing the in-hospital evolu-
tion of patientswith theinfradiaphragmaticand mixedforms
of total anomalous pulmonary venous drainage, who un-
derwent surgical treatment.
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Table | - Results of the surgical treatment for infradiaphragmatic total anomalous pulmonary venous drainage
Author, year N patients Incidence* (%) Obstruction (%) Mortality (%)
Lupinetti et al.2, 1993 11 26.8 100 9.1
Raisher et a3, 1992 2 10 100 0
Michielon et al.4, 2002 16 18 87.5 2.2
Sano et a5, 1989 16 36.4 93.8 6.3
Hyde et al.%, 1999 20 23 85 20
* in regard to the total number of patients with al types of the anomaly.

Table Il - Results of the surgical treatment for mixed total anomalous pulmonary venous drainage

Author, year N patients Incidence* (%) Obstruction (%) Mortality (%)
Lupinetti et al.2, 1993 2 4,9 50 0
Raisher et a3, 1992 5 25 40 0
Michielon et al.4, 2002 9 10.1 111 1.1
Hyde et al.%, 1999 8 9 25 0
Delius et a.”, 1996 20 8.6 15 15
* in regard to the total number of patients with al types of the anomaly.

Methods

Thisstudy retrospectively assessed 7 (10.8%) patients
withthemixed andinfradiaphragmeaticformsof total anoma:
lous pulmonary venous drainage of atotal of 65 patients
operated on at the Instituto do Corag&o of the Hospital das
Clinicasof theMedical School of theUniversity of Sao Pau-
lofrom December 1993 to March 2002. Patientsdiagnosed
with associated mal formations, such astransposition of the
great arteries, univentricular atrioventricular connection,
atrial isomerisms, atrioventricul ar septal defects, and hypo-
plasticleft heart, wereexcluded fromthe study.

The patients' agesranged from 5 daysto 19 months
(mean of 7 months), their weightsranged from2.4t09.5kg
(meanof 5.2kg), andtheir heightsfrom 42to 72 cm (mean of
56.7 cm). Five(71.4%) patientsweremales. Theclinica diag-
nosisinall patientswasconfirmed with 2-dimensional echo-
cardiography, and 3 patientsal so underwent cardiac cathe-
terizationaimed at studyingin greater detail the pulmonary
venousreturn, at measuringintracavitary pressures, espe-
cialy in patientssuspected of having pulmonary hyperten-
sion, inaddition to performing balloon atrioseptostomy in
thepresenceof restrictiveinteratrial septal defect.

Four (57.1%) patientshad the mixed form, whichwas
intrinsic obstructivein 1 patient, with mild stenosisof the
leftinferior vein. Three (42.9%) patientshad theobstructive
infradiaphragmaticform, extrinsic at thelevel of thediaph-
ragm, inadditiontoarestrictiveinteratrial septal defect. The
detailed anatomy of the pulmonary veinsand their sites of
drainageareshownintablelll.

Inthepreoperativeperiod, 5 (71.4%) patientswerein
NY HA functional classlV andtheremaining 2 (28.6%) were
inNYHA functional classlll. Threepatientshad clinical and
echocardiographic signsof pulmonary hypertension, 3had
severeprotein-ca oriemalnutrition, 2 had active pulmonary

infection, both using mechanical ventilation, and 2werein
shock, depending on vasoactive drugs with difficult to
control metabolic acidosis. The patientswere admitted to
theintensive care unit to stabilize their cardiorespiratory
and metabolic conditions prior to corrective surgery. The
most frequently used measures, depending on the indivi-
dualized analysis of each case, wereasfollows: thelibera
use of vasoactive drugs (dopamine and dobutamine), pul-
monary vasodilating agents, mechanica ventilation, diure-
tics, broad-spectrum antibiotic therapy, and correction of
thefluid, el ectrolytic and acid-baseimbal ances.

All patientswere operated on through amedian ster-
notomy with the aid of hypothermic extracorporeal cir-
culation at 20°C through aortic and bicaval cannulation
right after systemic heparinization. Themyocardial protec-
tion used in most patients wasthe crystalloid St Thomas
Hospital cardioplegiaat 4°C, and, in the 2 most recent
patients, cold blood cardioplegiaviatheintermittent antero-
graderoute every 20 minuteswas preferred. Two patients
requiredtotal circulatory arrest and deep hypothermiafor
connectingthevertical vein andtheleft atrium. Thesurgi-
cal techniquesused inthe patientswithinfradiaphragmatic
total anomal ous pulmonary venousdrainagewerethelate-
rolateral transatrial anastomosisbetweenthevertical vein
andtheleft atrid lateroposterior wall towardsitsauricle, and
closureof theinteratrial septal defect withabovinepericar-
dial patch preservedin glutaraldehyde, followed by ligation
of thevertical vein closetothediaphragm. Inregardtothe
mixed typeof total anomal ouspulmonary venousdrainage,
transatrial anastomosiswith closureof theinteratrial septal
defect wasperformedin 3 patients, whiledirect anastomosis
was possiblein the remaining patients, in addition to cor-
rection of the stenosis of theleft inferior pulmonary vein
withabovinepericardial patch. Theanastomoseswere per-
formed with continuoussuturewith 6- or 7-zero polypropy-
lenethread.
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Table Il - Anatomic characteristics of the 7 patients with total anomalous pulmonary venous drainage
N Type Site of connection Obstruction PH Mortality
1 Mixed LPV+RIPV » LSVC; rest » VCSD No Yes No
2 Mixed LPV+RIPV » coronary sinus; rest » LSVC and innominate vein No Yes No
3 Mixed RPV+LPV » coronary sinus; rest » RSVC Yes Yes No
4 Mixed RPV » RSVC; LPV » right atrium No No No
5 Infra PV's » ductus venosus Yes Yes No
6 Infra PVs » portal vein Yes Yes Yes
7 Infra PVs»IVC Yes Yes No
IVC- inferior vena cava; LIPV- left inferior pulmonary vein; LPV- |eft pulmonary veins; LSV C- left superior vena cava; PH - pulmonary hipertension; PVs - pulmonary
veins, RIPV- right inferior pulmonary vein; RPV- right pulmonary veins, RSV C- right superior vena cava

The mean times of extracorporeal circulation and
aortic cross-clamping were 84.1 minutes and 49 minutes,
respectively. Thetotal circulatory arrest usedin 2 patients
lasted 9 and 15 minutes.

In the postoperative period, all patients remained
under mechanical ventilationfor at least 48 hoursand seda-
tedwithfentanyl and midazolam, sometimesrequiring cura-
rization. The patientswere maintai ned under pressure-con-
trolled ventilationwith positive end-airway pressureand a
slightly increased minute volume, to maintain the partial
carbon dioxidepressurearound 30to 35 mmHg. Theuseof
inotropic agents was systematic, especially dobutamine,
dopamine, and milrinone, depending onthehemodynamic
evolution. Vasodilating agentswere prioritized in cases of
pulmonary hypertension, sodium nitroprusside and nitro-
glycerinebeing used, and, in refractory cases, prostaglan-
din E1 and inhaled nitric oxide were chosen. Responseto
treatment wasmonitored mainly withtheaid of 2-dimensio-
nal echocardiography, and diuretics were programmed to
maintainthefluid balancecloseto zero or evendightly ne-
gative. Early peritoneal dialysiswas recommended when
oliguriaor anuriaoccurred.

Results

One patient with infradiaphragmatic total anomal ous
pulmonary venousdrai nagewith connection of theinferior
vertical veintotheportal veindied (in-hospital mortaity of
14.3%), and the cause of death wasrelated to multisystem
organfailure. Inthe preoperative period, the patient wasin
poor general and nutritional conditionwith pulmonary hy-
pertension, evolving to cardiogenic shock, acuterenal fai-
lure, and septicemiadueto mediastinitisinthe postoperati-
veperiod.

The postoperative complicationswere asfollows. low
cardiacoutputin4 (57.1%) patients, pulmonary hypertension
in4(57.1%); trandent atrioventricul ar block, whichreguireda
trangient pacemaker for morethan 24 hours, in 3 (42.9%); su-
praventricular arrhythmiasin 3 (42.9%); prolonged mechani-
cal ventilationfor morethan 7 daysin 3 (42.9%); acuterena
failure, whichrequired peritonea dialysis, in2(28.6%); and
bronchopneumoniain 2 (28.6%) patients. Two (28.6%) pa-
tientsexperienced cardiorespiratory arrest, duetolow cardiac
outputin 1andto hypoxiainanother. Two patientsremained
with their chests opened on thefirst postoperative daysdue
to hemodynamicinstability, one of whom evolved with me-
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diastinitisand required reoperationfor exploratory thoraco-
tomy and resuture of the sternum.

Theduration of mechanical ventilationrangedfrom9
hoursto 28 days (mean of 7.5 days). The mean length of
stay intheintensive careunit andin the hospital was10.5
daysand 18.2 days, respectively.

Discussion

Total anomalous pulmonary venousdrainageisacon-
genital cardiac anomaly characterized by pulmonary venous
return through the pulmonary veinsto the systemic venous
system. Thedistribution of blood flow insidethe cardiac ca-
vitiesdependson thesize of theinteratrial septal defect. If
restrictive, asmaller amount of blood will flow to the | eft
atrium, resultinginelevatedrightintra-atrial pressures, and,
consequently, adropin cardiac output. In most patients, the
interatrial septal defect isnot restrictive; theblood flow de-
pendson the compliance of each ventricular cavity and on
therelation between the pulmonary and systemic vascular
resistances.

Withthephysiological decreasein pulmonary vascu-
lar resistance during the neonatal period, aprogressivein-
creasein pulmonary flow occurs, resultinginarel ation bet-
ween the pulmonary and systemic flows of around 5 or
more. Pulmonary vascular changesand pulmonary hyper-
tension may occur if thisprocesscontinues. Yamaki et al
have postul ated that pulmonary hypertension resultsfrom
aninteraction between the hypertrophy of themedialayer
of the pulmonary arteries and veins. In patientswith obs-
truction, the elevated pulmonary venous pressures|ead to
pulmonary capillary edema. Inaddition, reflex pulmonary
vasoconstriction occurs, aggravating the pulmonary hy-
pertensionwith supra-systemicright ventricul ar pressures.
These patients rapidly develop cyanosis and low cardiac
output, which may resultin multisystem organ dysfunction.

According to the anatomic level of the connection of
thepulmonary veinswith the systemic circulation, Darling
et al B classified total anomal ouspulmonary venousdraina-
geinto 4 types. Thesupracardiac and cardiac arethe most
frequent types, with lower preoperative severity and better
evolutionafter surgical correction. Theinfracardiac orinfra-
diaphragmatictype, found in approximately 25% of thece-
ses of total anomalous pulmonary venous drainage'é, is
characterized by pulmonary venous drai nage through the
diaphragm most commonly to the portal vein or ductusve-
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nosus, and lessfrequently to theinferior venacava, left he-
patic vein, or gastric vein. Thistype hasthe greatest inci-
dence of venous obstruction, this being an independent
factor of mortality risk ™. Themixedtype (5% of thecases),
unliketheothers, ischaracterized by thelack of confluence
of the pulmonary veinsinto avertical collectingvein, this
being a particularity in regard to the echocardiographic
diagnosisand surgical planning.

Theinfradiaphragmatic type showsan el evated asso-
ciation with venous obstruction, which may be due either
totheelevated resistanceto thevenousreturn, or to the ex-
trinsic compression of thecollecting vein at thelevel of the
diaphragm, or evento an obstruction at thejunction of the
pulmonary veinwiththecollecting vein. However, van Son
et al 8 considered that the most important mechanism of
obstructionistheelevated vascul ar resistancein thecollec-
ting veins, especially if the connection occursin theductus
venosusor intheportal vein, dueto the passagethroughthe
hepatic parenchymaor the postnatal obliteration, respecti-
vely. In our case series, the 3 patients with the infradia-
phragmatic type had venousobstruction. Oneof them, with
connectionof theinferior vertical veintotheporta vein, un-
derwent surgery on an emergency basisdueto pulmonary
hypertension and cardiogenic shock. This patient had an
eventful postoperative period with acuterenal failure, me-
diastinal infection, and septicemia, evolvingto death. The
other 2 patientswith theinfradiaphragmatic typeand con-
nectionsto the ductusvenosus and inferior venacavaa so
underwent surgery on an emergency basis, but had abetter
outcome. This experience shows that the presence of ve-
nousobstructionisimportant for defining theideal moment
of surgical indication 2,

Based on this, infradiaphragmatic total anomalous
pulmonary venous drainage associated with venous obs-
truction has been considered asurgical emergency. Inthe
caseswith connectiontotheportal veinor theductusveno-
sus, apreoperativeclinical stabilization period should not
bewaited for, regardless of the surgical risk. Considering
the patientswho are hemodynamically stableand have no
echocardiographic signs of venous obstruction, the semi-
electiveindicationisallowed in the caseswith connection
withtheinferior venacavaor thehepaticvein 8,

Themixed typeof total anomal ouspulmonary venous
drainage results from embryonic alterations that lead to
atresia of the confluence of the pulmonary veins. In most
cases, drainage of both lungs occurs separately, the veins
of onelung more frequently draining at the cardiac level,
and those of theother lung at the supracardiaclevel, facili-
tating its recognition®. However, thisfact is not always
true®, which makesthe descriptive echocardiographic diag-
nosis of the anatomy of the pulmonary veinsfundamental
for surgical planning. Inany case, theintraoperativeidenti-
fication of the4 pulmonary veinsismandatory.

Delius et a 7 defined the type of surgery classifying
the mixed type of anomal ous pulmonary venous drainage
intothefollowing2groups: 1) 3+1,inwhich 3veinsdrainat
thecardiacleve orinthevertica vein, and theother in ano-
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ther site; and 2) 2+2, inwhichtheveinsineachlungdrainin
different sites. Inthefirst group, 3veinsusually draininthe
coronary sinus, and correction isobtained through acom-
munication of thelatter withtheatrial septal defect, followed
by closure of theresulting defect with an autol ogous or bo-
vine pericardial patch. Correction of the remaining vein
should beindividualized. In case of obstruction, its con-
nectionwith theleft atriumismandatory. If theveinisnot
obstructed, it may beleft without correctionwith persisten-
ceof asmall inconvenient |eft-to-right shunt, which, insome
patients, may evolveto obstructive pulmonary vascular di-
sease ?, and even require pulmonary lobectomy 2. Onthe
other hand, in the second group, the surgical treatment
does not cause greater difficultiesdueto the frequent pre-
sence of avenousconfluence, which facilitatesthe anasto-
mosiswiththeleft atrium.

Inour caseseries, of the4 patientswiththemixed type
only 1 had a2+2typedrainage, which characterizesthelack
of anatomical uniformity of that anomaly.

Surgical treatment hasevolved considerably inrecent
decades, dueto severa factors. The evolution of the preo-
perative management with specia emphasistothemorepre-
ciseand rapid echocardiographic diagnosis, thetechniques
of surgery, anesthesia, and extracorporeal circulation, and
themodern intensivetreatment inthe postoperative period
wereresponsiblefor thesignificant reductionintheindices
of operativemortality, with adirectimpact inthelong run.

Risk factorsidentified in the past'**” do not seemtobe
important for characterizing the severity of patients, dueto
theadvancesaobtained. Therefore, theearly age, theanato-
mical typeof total anomal ouspulmonary venousdrainage,
the need for mechanical ventilation and preoperativeino-
tropic support, and emergency surgery nolonger appear as
risk factors for mortality in the most recent case series.
Venous obstruction, especially if diffuse and associated
with theinfradiaphragmaticforms, remainsasarisk factor
for mortality “%. Inapreviousstudy carried out at our insti-
tution, analyzing all types of total anomal ous pulmonary
venousdrainage, Binotto et a ** identified age, poor genera
condition, and preoperativeinfection asimportant risk fac-
torsfor mortality that need to be controlled, and mainly are
duetothelatereferral of patientstotertiary centers.

Thesurgical treatment of total anomal ous pulmonary
venous drainage should pursue the reestablishment of a
wideand nonrestrictive connection between theleft atrium
andthecollectingvein(s). Thesurgical aspectsinvolvethe
knowledgeof thedifferent anatomical formsof total anoma:
lous pulmonary venousdrainage and the recognition of the
importanceof alleviating al venousobstructions. Thepre-
cisesurgical techniquehashbeen crucia forimproving surgi-
cal results. Early surgery, theuse of deep hypothermiaand
circulatory arrest, the performance of awide anastomosis
between the confluence of the pulmonary veinsand theleft
atrium, and the precise respect to the geometry of these
structures are the factorsresponsible.

Several technica modificationsfor thesurgical treat-
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ment have been proposed with no significant difference
between theresultsin thedifferent maneuvers>2. Inaddi-
tion to thetechnical details especialy involving accessto
the pulmonary veins, some authors® consider that thever-
tical vein should not beligated whentheleft atriumissmall,
withalow complianceto accommodateasuddenincreasein
volumeafter surgical correction. Other authors®* consider
that this tactic promotes a more tranquil postoperative
period, but postul atethat thisbenefitistransient, becausea
[eft-to-right shunt frequently remains, requiring surgical or
interventional closure. Inour service, werecommend routi-
neligation of thevertical veininadditionto reconnection of
thepulmonary veinstotheleft atrium.

Pulmonary hypertension continues to be the major
postoperative cause of morbidity and mortality in these
patients. When present, it is associated with increased
mortality, butitsclinical treatmentisusually effective. The
latter is based on optimization of the cardiac output with
inotropic agents, areduction in afterload, volumerestric-
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tion, and diuretics. Thecontrol of pulmonary hypertension
crisesisextremely important, becausethey lead to acute hy-
poxemia, with consequent metabolicacidosisand cardiovas
cular failure. Itstreatment usually includesmechanical ven-
tilatory support under deep sedation and frequent curari-
zationwith hyperventilation and theuse of pulmonary vaso-
dilators, such asnitroglycerine, milrinone, and nitric oxide®.
Whentheclinical diaghosisof pulmonary hypertension cri-
sesisdifficult, continuous monitoring of pulmonary artery
pressureisimportant, becauseit allowsearly treatment and,
therefore, asignificantimprovement in prognosis®.
Inconclusion, theinfradiaphragmatic and mixed types
of total anomal ouspulmonary venousdrainagehave particu-
laritiesin regard to their diagnosis and surgical treatment.
Because of the advancesin pediatric cardiac surgery inits
multidisciplinary aspects, theresult of thesurgical correction
of thisanomaly isassociated with acceptablemorbidity and
mortality, depending onearly referral and surgical treatment,
withno progression of pulmonary vascular hypertension.
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